. Selected bond lengths (Å) and bond angles (°) for complexes 1, 1-re, and 2. ......... 7  Table S4 Chemical Science ----ESI
S3

Experimental Section
Materials and Synthesis. All reagents were commercially available and used as received without further purification. The powder of the staring material 4'-(4-Bromophenyl)-2,2':6',2''-terpyridine (L) was synthesized by the reaction of 4-bromobenzaldehyde, 2-acetylpyridine, KOH, and ammonia in ethanol under reflux to give a white solid. The crude product had poor solubility in common organic solvents and was purified by Soxhlet extraction into chloroform.
[
Co(L)2][DPAS]2· DMF· 2H2O (1).
A solution of Co(ClO4)2· 6H2O (0.5 mmol, 182 mg) in 20 mL of H2O was mixed with a hot solution of the Brphterpy ligand (1 mmol，380 mg) in 40 mL DMF. Then, a solution of NaDPAS (1.8 mmol, 500 mg, NaDPAS = Sodium 4-(phenyl amino) benzenesulfonate) in 20 mL DMF was added to the above mixed solution. After heating for 5 min, the mixed dark red solution was then placed in a 100 mL bottle without seal, and left in the dark. X-ray suitable dark-red block-shaped crystals of 1 were obtained after slow evaporation for two weeks. The product was collected by filtration, washed with DMF/water, and dried in the air. [Co(L)2][DPAS]2· DMF (2). For SC-XRD measurement, a single crystal of 1 was dried in diffractometer under a dry nitrogen flow by heating from RT to 450 K at a heating rate of 3 K min −1 and further annealing at 450 K for 2 h. Upon dehydration, the crystals changed its color from dark-red (1) to orange (2) . For magnetic measurement, the well ground crystals of 1 were heated at 400 K in the dynamic vacuum chamber of SQUID VSM for 2 hours. For other physical measurements, the sample of 2 was prepared freshly by using the dynamic vacuum drying oven at 450 K for 2 h. Elemental analysis (%) for C69H54Br2CoN9O7S2: C, 59.02; H, 3. 
Chemical Science ----ESI
S4
Physical measurements. Infrared (IR) spectra data were measured on KBr pellets using a Nexus 870 FT-IR spectrometer in the range of 4000-400 cm -1 . Single-crystal UV-Vis spectra were obtained on a Craic Technologies microspectrophotometer. Elemental analyses of C, H, and N were performed at an Elementar Vario MICRO analyzer. Powder X-ray diffraction data (PXRD) were recorded at various temperatures on a Bruker D8 Advance diffractometer with Cu Kα X-ray source (λ = 1.54056 Å) operated at 40 kV and 40 mA. Thermogravimetric analysis (TGA) was measured in Al2O3 crucibles using a PerkinElmer Thermal Analysis in the temperature range of 20-700 °C under flowing nitrogen at a heating rate of 20 °C/min . Magnetic measurements from 2 to 400 K with dc field up to 70 kOe were performed using a Quantum Design SQUID VSM magnetometer on the grounded powders from the single crystals of the compounds. Alternative current (ac) magnetic susceptibility data were collected in a zero dc field or non-zero dc field in the temperature range of 2-10 K, under an ac field of 2 Oe, oscillating at frequencies in the range of 1-1000 Hz. All magnetic data were corrected for the diamagnetism of the sample holder and of the diamagnetic contribution of the sample.
HF-EPR Measurements. HF-EPR measurements for 1, 2 and 1-re were performed on a locally developed spectrometer at the Wuhan National High Magnetic Field Center, China. This facility is a transmission-type instrument, in which the microwaves are propagated by oversized cylindrical light pipes. The tunable microwave frequencies were provided by the combination of Gunn oscillators (Millitech) and backward wave oscillators (Institute of General Physics, Moscow, Russian Federation). The magnetic field was generated by a pulsed field magnet, and the detection was performed with an InSb hot-electron bolometer (QMC Ltd., Cardiff, U.K.). In order to minimize the fieldinduced torque effect, samples of 1, 2 and 1-re were ground, mixed with KBr, and pressed into pellets.
X-ray Crystallography. Single crystal X-ray crystallographic data were collected on a Bruker APEX Duo diffractometer with a CCD area detector (Mo-Kα radiation, λ = 0.71073 Å). The APEXII program was used to determine the unit cell parameters and for data collection. The data were integrated and corrected for Lorentz and polarization effects using SAINT. S1 Absorption corrections were applied with SADABS. S2 The structures were solved by direct methods and refined by full-matrix least-squares method on F 2 using the SHELXTL crystallographic software package. S3 All the nonhydrogen atoms were refined anisotropically. Hydrogen atoms of the organic ligands were refined as riding on the corresponding non-hydrogen atoms. We used the methods of DIF-Fourier maps and HADD instructions to add the hydrogen atoms of the water molecules. Additional details of the data collections and structural refinement parameters are provided in Tables S1 and S2 . Selected bond lengths and angles of 1 and 2 are listed in Table S3 . CCDC 1816022-1816026, and 1840937 are the supplementary crystallographic data for this paper. They can be obtained freely from the Cambridge Crystallographic Data Center via www.ccdc.cam.ac.uk/data_request/cif. Chemical Science ----ESI shifting and appearance of some peaks. However, these peaks return to their original state again after rehydration. Thus, the reversible dehydration/rehydration process is also supported by these PXRD data.
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Chemical Science ----ESI S12 Figure S4 . Refinement of Powder X-ray diffraction of 1. The solid black and red lines represent the experimental and refined powder XRD patterns for 1, respectively. As can be seen in Table S1, Chemical Science ----ESI S16 Chemical Science ----ESI S17 Chemical Science ----ESI S18 Table S7 . Calculated energy levels (cm −1 ), g (gx, gy, gz) tensors of the ground and first excited doublets of the Co II of complexes 1 and 2. Chemical Science ----ESI where the first two terms are direct and QTM relaxation processes with coefficients c, B1, and B2. The third term is the Raman relaxation process, which is both field and temperature dependent. The coefficient d represents the Raman relaxation at zero field, f the ability of the external magnetic field to supress the internal relaxation mechanisms, and e the attitude of the internal magnetic moments to induce relaxation. [11] [12] [13] The first three terms are field dependent, while the last one term represents the contribution of Orbach mechanism, which is field independent.
S28
Usually, thermally activated behaviour observed in high-temperature region is usually attributed to an Orbach relaxation process through the excited MS = ±1/2 levels, which can be fitted by Arrhenius equation τ = τ0exp(Ueff/kBT). From the fitting of high temperature data in the Arrhenius plot (Fig. 4b) , the Ueff is estimated to be 34.1 K (23.6 cm -1 ). Although the linear part in the high-temperature region in the Arrhenius plot is wide with 12 data points and the Arrhenius fit seems quite good, the obtained Ueff is far too small considering the quite large easy-axis magnetic anisotropy. Notably, the Orbach process should involve a "real" transition to an excited magnetic energy level and a relaxation to the ground state. Therefore, the effective energy barrier Ueff is expected to be equal or close to the energy gap between the ground doublets and the first excited doublets. For compound 2, this energy gap is estimated to be around 150 cm -1 from the |2D| value or at least 160 cm -1 from the calculated energy gap between the ground and the first extied doublets (Table S7) . This large energy gap means that there are no intermediate magnetic energy levels for the Orbach process in the present system. Therefore, we think that the Orbach process in 2 is very unlikely and we will
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S30 not consider this process in the following analyses of the relaxation times. Anyway, the curve obviously deviates from the linear tendency at low temperatures for 2, suggesting a multiple relaxation pathway.
To probe the possible relaxation mechanisms involved, the field dependence of the magnetic relaxation times was analyzed firstly. The field dependent relaxation time at Then, the c, e, and f parameters were fixed using the above obtained values (as for parameters d and n, they couldn't be determined independently from the above fitting), and the Arrhenius plot of 2 under the optimum dc field of 0.1 T was fitted also with the direct and Raman processes (τ
